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WAVE, LONGSHORE CURRENT, AND BEACH PROFILE RECORDS FOR SANTA
MARGARITA RIVER BEACH, OCEANSIDE, CALIFORNIA, 1949.

by
K. L. Wiegel, D.&. Patrick, and H.L. Kimberley

INTRCCUCTION

In the course of an oceanographic study by the.University of
Californie in conjunction with the U.S. Marine Corps, measurements and
observations were made of waves, longshore currents, and beach condi~
tions in the vicinity of the Santa Margarita River at (oceanside, California
(Pifpure 1). These data, covering a period of ten months, ars presentad
for the purpose of making available to the oceanographer and geologist the
type of field infeoirmation which is almost non-existent. To the euthors?
knowledge the only cther published study of this type which presesnts data
oollected cver a relatively long interval was made along-side the pier of
the Scripps Institution of Oceanography (SHEPARD AND LAFOND, 1940).+

WAVE RECORDS

A <hsraopile wave mater (ISAACS AXD WIEGRL, 1950) was used as
the underwater pressure pickup unit. It consisted of a synthetic rukbber
bellows mounted on a plastic base with an encased tnermopile. The hot
junctions of the thermopile were in contact with the air in the bellows,
while the c¢cld junotions, insulated from the air chamber in the vellows,
were in thermal oontact with the surrounding sea water. The pickup unit,
looated approximately forty-twe hundred feet orfshore in about forty-three
feet of water below Mean Lower Low Water, was connected Ly a submarine
cable to a commercial recording self-balanoing potentiometer which was
located on shore.

In addition to the automatically reco:rded wave characteristics,
obtained for two weeks in March, 1949, and then almost continucusly from
May through the middle of January, 1950, observations were uade of the
angle the breakers made with the beach, thus giving a feir indioation of the
wave dirsction. Beoause of the location of Santa Margarita River Beach,
about the only waves of any significance ocame frcm a small sector due West, or
from a ssutherly direction, with the exception of thess irom nesr-coastal
storms. (TODD and WIEGEL, 1952)

The rooords; cnalyzed {or & Uweniy to Thirty minute intervael every
sight hours, are presented in Figure 2. The primary data ars the average
wave period and the “unrefracted" dcep water height of the highest one-
third of the waves, the so-called "significant waves". The term ™unrefrac-
ted®™ wave height refers to the height the waves would have had in deep water
if unaffected by refraction, and it is related to the height in transitional
water (WIEGEL, 1953) by the following equation (HYDROGRAPHIC OFFICE, 1944
and WIEGEL, 1948):

F! = B/ Co / 2nC (1)
d
where o,/C = 1 tanh {27 4/L) and n = § [ 14 sinh4%%3é%7f)]

BE = wave height at location of wave meter

* See Eibliography
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o unrefracted deep-water wave height
C = wave vsivclty

Co = deep waler wave ralocity

L wave length

d = water depth

The wave steepness alsc is presented in Figure 2, as labcratory studies have
indicated that it is this wave characteristic which is most ciosely related
to the phenomens of changes in beach profile and the mcvement of sand onto
and off of veaches (BEACH EROSION BCARD, 1i336; JOHNSON, 1949; snd SAVILLE,
1950). The steepr=ss iz the ratic of the unrefracted deep-water wave height
to the desp-watsr wave langth, HO/LO, where the deep-watsr wave iength is
given by the following equationg

Lo & 81 /2w (2)

where Lo = deep water wave liength

g ecceleration of gravity

T wave period

In Figure 3 data on breaker conditions are presented. The direc-
tions asre visual observations, made almost daily excepting weekends. Data
for both primery and secondary trains (if present) ers shomn. It is empha-
sized that ti.e breakaer direotion is not necessarily ‘he same as the deep
water wave direction, due to the effeot of refraction (See sketch at the
bottom of Figure 3). Witk the exception of the visual observations pre-
sentsd for the month of April, +the breaker heighta were computed from the
records of the Thermopile Wave Meter with the use of empirical curves
(HYDROGRAPHIC OFFICE, 1944). Subsequent laboratory studies have shown,
howover, that the breaker height derands upon ths heach slope as well as
the wave characteristiosz however, for the slope of the beach under dis-
cussion (about 1:30), the original empirical data are effeciively the same
as the latest published data (IVERSEN, 1952)

In Teble I are prescnted the times that the deep water wave heights,
the average periods, the wave stespnasses, and the breaker heights and di-
rections were within certain ranges of values. It oan readily be ssen that
unrefracted deep~water heights were rarely above four feet and ths braakesrs
rarely above six feet. Most of the predominant waves (i.e., the "primary"
trains) were from a =zoutherly direction.

LONGSHORE CURRENTS

Observations of the longshore currents wore made nearly every waek
day during & larges part of the time. This was done by throwing a small
package of dye into the surf and measuring the distance the déyed water moved
in orne minute (abcut the maximum lengih of time the dye ocould bs traced
befere it dispersed almost comp;otely, The data on magnitude and direotion
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are shown in Figure 3 and are presented in TalLle I as the time the measuremente !2
were within certein ranges of values. It can be seen that the direction of
longshora movement genorally corresponded to the dirsction of the primery
trains of breskers. On a few occasions, howevsr, the direction correspondsd
to the dirsclion of the secondary trein. This was bscauee the magnitude

of the longshore vurront depends direcily upcn the breaker height, but in-
versely with the period; thus, the short perici waves from the nesr-coastal
storms were sometimes more ligporvant tham ths largsrs long-poricd waves
coring from another direction, insofar as longshore currents are concerned.
(PUTHAM, MUNK aud TRAYLOR, 1548:; INMAYN ana QUINN, 1951)

BELCH CONDITIONS

The interaction of ths aver varyinmg surf and ths matverial of which
a beach consists causes constuntly changing beach conditions. In order %o
obtain data on this phenomescn, tesch profiles were taken at about two
woek intervals (Figure 5). Range lines were established alorng the beach asg
shown in Figure 4; however, only »anges 7 + 50, 12 4 50 and 17 & 50 were
used continuvously., The method of obtuining profiles through the surf by
means of a DUKW and leadline has been dsseribed elsewhere {(PATRICK, 1952).
In addition, samples of sand were analyzed for mecheaniocal size distribution
and mineralogicel content (¥igure 7).

There are basicaily three types of beach changes. The first is the
long-range change which dpends upcn changing sand supply and changing me-
taorological cornditions. The second is the seasonsl change due to long iu-
tervals cf high swf during “wintsr® meteorolozical conditions, loag inter-
vals of low surf during "summer”™ meteorological ecnditions, and increased
sand supply from flooding rivers. The third is the short time change due to
rapidly changing surf conditions, such as when a near-coastal wind generates
short high waves during a perind of normally lcng low waves.

The data heve been presented in two figures. 1In Figure § are presented
the prcfiles, measured to a depth of about twenty-five feat below Mean Lower
Low Water. In Figure & are shown (using a larger scale) the profiles of the
beach face.

It can be seen that, in general, the width of the berm incresased
during the summer months and decreased during the winteiy months. However,
the three sets of profiles were not consistent. For example, considerable
sand was deposited on the teach face on Range 7 4+ 50 between 2 September
1942 and 16 September 1549. while erosion took place between 16 September
and 2§ September 1949; on Range i< # 50 a slight amount <f erosion ocourrsd
between 2 September and 186 September 1949 as wsll as between 16 September
and 2% September 1949; and, on Rangs 17 + 50 there wes some slight deposition
betrsen 2 September and 16 September 1940 and scms slight depositica between
16 Septlember ani 2% September 1949. Some of these apparent discreopancies can
bs explained by the presence of cusps on the heach during some periods of
times thus, one profile may be zcross the ridge of a cusp. while another
across tne hollow of s cusp., This condition maikes it very diffiocult to ob=-
tain an accurate picture of what is happening unless a large aumber of rangee
are surveyed, Certain changes were of such a magnitude, however, that thay
were cbserved along all three ranges; for example, betwesn 12 December 1949
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and ¢1 Dscember 1949 a near-coastal storm occurred and sevsra erosicn took
place along the entire beach, and a proncunced scerp was formad.

One point appears of interest, although there is an unfortunate laock
of data, that is the incrsase of sand on the beach face during January. It
will be noted that in Junuary 1949 on Range 7 # 50 and in Januwary 13550, on
Range 12 ¢ 50 (the cnly ranges which were sounded) there was a ssaward
building of the beach face. It will be further moted that during Januery
1950 the waves were very low. Unfortunately thers were nc wave msasursements
mads during January 1949,

The three series of offshore profiles wers more consistent than
wore the series of onshore profiles. It can be seen that although a dis-
tinct bar was often lacking, thers usually wes a step present, but almost
naver wes there a time when reitner bar nor step was preseant. It can
further Le seen that although the proriles were constaantly changing, they
were always within rather remerkably narrow limits. The total vertical
variation at any distan.a offshore was always less than plus or minus four
feet from the mean. It appears as 1f the beach never reaches an eguilib-
rium ocondition in the true sense of the word, but rather is in dynamie
equilibrium.

Becauvse of the relationship between wave steepness and beach profile
found in laboratory work (BEACH EROSION BOARD, 15363 JOSNSON, 1949; and
SAVILLE, 1950) a similar relationship was sought from these data. Although
no definite reliationship was found, it 1s believed that the two week in-
tervuls betwean profiles was so large that adequate data were not svailable.

The laboratory studies have shown that for waves steeper than 0.03
the "storm" profile existed {that is, a bar formed), and for values less
ther 0.025 zc bar was present, while for values of wave steepness in between
the profilss were unstable. It is readily apparent that this is not the case
in the data measured at Santa Margarita Kiver Beach. 1In fact, ths wave
steepness never camre near the critical walue of 0,03 and a bar or a step
usually was present. The greatest wave steepness measured was about
0.008 and it was seldom above G.003. If the coriteris are correct, then the
reason they do not sesm to apply to natural beaches may te: (1) ths beach
is never in equilibrium, or (2) the waves in matuwé are quile variable and
the lLighest during a storm may well ke steeper than the waluss shown, which
are those of ths "significan® wave.

L

e g

e

L
RETEeNG

i o el S




BIBLIOGRAPHY

BEACH EROSICN BOARD, Wave Tank Expsriments on Sand Movemernt, v. I and II,
U.S. Dspte of the Army, Corps of Engineers, Washington D.C., 1536.

INMAN, D.L., and QUINN, W.H. Currents in ths Surf Zone, Proc. First Coni.
on Coastal Engineering, Council on Wave Research, the Engins ring Foundaticn
Ed, by J.W. Johnson, Berkeley, Calif., pp. 24=-36, 1951.

ISAACS, J.D., and WIEGEL, R.L., The Thermopile Wave leter, Trens. Amer, Geophys.
Urion, v. 31, pp 711-716, 1950.

IVERSEN, H.W., Laboratory Study of Breakers, Gravity Weves, National Bu. of
Standards, Cir. 521, pp 9-32, 1952.

JOHNSON, J.W., Scale Effects in Hydraulic Mocels Inve‘-ing Wave Actica, Trans.
Ame:, Geophys. Union, v, 30, pp. 517-525, 1949.

JOHNSON, J.®., Sand Transport by Littoral Currents, Proc. Fifth Hydraulic
Conf,, Iowa Inst. of Hydraulio Res., pp. 85-109, 1953.

PATRICK, D.A., Amphibious Surveying, U.5. ZNaval Civil Bngr. Corps. Bull.;
pp- 11=14, January 1952,

PUTNAM, J.W., MUNK, W.J., ard TRAYLOR, M.A., The Prediotion of Longshore Currents,
Trans. Amer. Geophys. Union, pp. 337-345, 1949.

SAVILLE, THORKDIKE, JR., MNodel Study cf Sand Transport Along an Infinitely Long
Straight Beach, Trans., Amer. Geophys. Union, v. 31, pp. 555-565, 1950,

SHEPARD, F.P., and LAFOND, E.C., Sand Mcvement Alongz the Soripps Institution
Pier, Amer. J. of Science, v. 238, pp. £72-285, 1940.

TODD, D.X. and WIEGEL, R.L., Near-Coastal Storms and Associated Waves,
Tran®. Amer. Geophys. Union, v. 33, pp. 217-225, 1952.

U.S. NAVY HYDROGRAPHIC OFFICE, Breakers and Surf: Principles in F..'ecasting,
H.0. No., 234, 1944.

WIEGEL. R. L.. Oscillatory Waves, Buli. Beach Erosion Board, Special Issus
Neo 1, 1948, ' o

WIEGEL, R.L. Waves, Tides, Currents and Reaches; Glossary of Terms and List
of Standard Symbols, Ccuncil on Weve Research, The Enginegrir.g Foundation,
Bsrkeley, Californis, 1953,

R, )

e

o~ =
AS e w3

e ral g o,

e

e

e



%
02

Current

Littoral

MEASURED AND OBSERVED WAVE AND LONGSHCRE CURRENT CHARACTERIS TICS,
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TABLE I.

1949 _ 1950
Range Mar. 28 Mar- T TTTTTToTT T T T T 1-16
8-22 30 Apr May June July Aug. 3opt. Gou. Nove Dec. Jam.
Fadise o-2 4 -- 77 64 69 8 76 8 88 97 33
H )18 2.4 50 -« 23 36 31 15 z4 13 11 3 7
(foet) 4-6 g -= e 0 o0 o 0 0 0 0 0
<9 0 24 ; 7 0 0 0 0 0 7 19
g-~11 29 1z 19 7 3 7 0 3 0 14 25
; . 11-13 29 4 28 38 35 19 24 3 35 48 19
(Gmconds) 13=16 21 40 4 46 38 S5 45 55 50 31 19
o ) >15 21 20 4 4 24 18 3] 39 5 3 18
<,001 0 -= 4 0 3 11 14 19 22 81 69
. ,001-,002 20 -- 62 S50 62 67 69 7L 78 25 31
(Ho)1/3/L, ,002-,003 30 =-- 18 36 24 11 17 6 0 7 9
.003-,004 30  -- 4 4 16 4 0 0 0 4 0
,004-.006 10  -- 4 10 0 4 0 0 0 3 0
>.006 10 -- 8 0 2 4 0 4 0 0 c
0-2 7 8 0 0 0 6 0 1 122 59 9
2-4 29 76 80 695 64 T4 69 T4 69 38 9
{(H)y 1/3 4-6 36 16 20 30 36 19 20 25 19 2 0
(£ast) 6-8 21 0 0 ! 0 1 1l 0 0 i 0
>8 7 0 0 0 0 0 0 0 0 0 0
WoW = -- i 0 0 0 0 0 0 -= co ==
Primary n -— 12 o 0 0 0 0 14 ==  ea -
——— WSW -- 39 28 35 0 0 0 48 o= -  --
Direstion Sk -- 5 67 51 89 93 100 43 == == ==
SSW - o 5 4 1 7 0 @ == e E=
0-0.2 -~ 3% 55 63 50 33 9 57 - = a=
Magnitude ,2-0.4 -~ 33 18 25 33 45 18 29 == == ==
(Knots ) 04-0.6 == 34 9 0 17 22 18 14 == = ==
.6=0.8 == 0 9 17 0 o 27 0 - - =
>0.8 == 0 9 0 0 0o 27 0  m= e e
: N-8  -- : 42 27 7 10 45 75 == == ==
Pirection S-N -- 17 55 75 93 90 56 25 —= = -
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Aeric! photograph of operating careaq,
Santa Margarita River Beach, Oceanside, Calif.
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